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The paper reports on theoretical and experimental results of integrated optical (IO) cavities defined 
by grated waveguides in Si3N4 and Si, for the accurate detection of cantilever deflection and bulk 
index changes.  
   Microcantilever-based sensors can be used to detect molecular adsorption, which causes changes 
in the surface stress [1], leading to deflection of the cantilever. We propose a novel and highly 
sensitive integrated read-out scheme to detect small deflections of a cantilever in close proximity to a 
grated waveguide structure. 
   It is well-known that a partly grated waveguide defines a cavity in the grated region for wavelengths 
outside the stopband. In particular, for wavelengths next to the stopband sharp spectral features can 
be observed, which are related to the strong dispersion in that wavelength region. A cantilever, if 
placed in the evanescent field region of the grated waveguide, will lead to the occurrence of 
propagating modes for wavelengths inside the stopband, and so to resonances inside the stopband, 
as shown in fig. 1. As can be seen from the figure, on decreasing the gap between grating and 
cantilever the first near band-edge resonance peak is pulled inside the stopband; simultaneously its 
spectral width goes down. This effect can be used for the detection of cantilever displacements. 
Assuming that a peak shift can be detected with a resolution δλ of 0.001 times its spectral width, it 
follows from fig. 1 that a displacement of ( / ) (50 / 2) 0.2 pm 5 pmg gδ λ δλ= ∂ ∂ = = can be 
detected with the considered compact device having a length of only 98 μm.  As an example to the 
above, theoretical results for a hydrogen trace-gas sensor, utilizing palladium as an H2 absorbing 
material, will be presented during the conference. 
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Figure 1. Simulated transmission spectra with 
cantilever position as parameter, using a 2D 
bidirectional eigenmode propagation method [2]. 
Insets show device structure and its 2D model. 
 
Figure 2. Measured transmission spectrum of 
a 400 periods long Si grating. Waveguide 
widths w and d are of the order of 300nm. 
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Grated waveguides can also be used as refractometric sensors [3]. Silicon photonic wires are 
particularly interesting for evanescent field sensors, since such waveguides may have high sensitivity 
to cladding index changes [4], and the potential compactness of such devices enables a dense 
functional integration.  
   Photonic wire gratings have been fabricated with deep UV lithography using the IMEC standard 
248-nm deep-UV lithography process for photonic structures [5] (fig. 2). 
   The sharp near band-edge slope in fig. 2 corresponds to a (3 dB) spectral width of ~40 pm. From 
this value it can be deduced, similarly as above, that the resolution for modal index changes is given 
by  (with ), which implies a resolution for cladding index 
changes of . 
( ) 8/ ~ 4 1N Nδ λ δλ −= ∂ ∂ ⋅ 0 3~ 10 40 pmδλ − ⋅
6 7~ 10 10nδ − −−
   The above results apply to relatively short gratings of only 180 µm. In general, the sensitivity of 
such grated waveguides grows much faster than linear with the device length [3], provided that the 
propagation and reflection losses are not too large. More experimental results will be presented 
during the conference. 
[1]  Christiane Ziegler, “Cantilever-based biosensors”, Anal Bioanal Chem (2004) 379: 946–959 
[2] OlympIOs Integrated Optics Software. C2V, P.O. Box 318, 7500 AH Enschede, The 
Netherlands,(http://www.c2v.nl/software/). 
[3]  W.C.L. Hopman, P. Pottier, D. Yudistira, J. van Lith, P.V. Lambeck, R.M. De La Rue, A. Driessen, 
H.J.W.M. Hoekstra, R.M. de Ridder, “Quasi-One-Dimensional Photonic Crystal as a Compact 
Building-Block for Refractometric Optical Sensors”, IEEE JSTQE 2005, 11, 11-16. 
[4]  Densmore, A. Xu, D.-X. Waldron, P. Janz, S. Cheben, P. Lapointe, J. Delâge, A. Lamontagne, B. 
Schmid, J. H. Post, E. “A Silicon-on-Insulator Photonic Wire Based Evanescent Field Sensor”, 
IEEE Photon. Tech. Lett. 2006, 18, 2520-2522. 
[5] W. Bogaerts, Roel Baets, Pieter Dumon, Vincent Wiaux, Stephan Beckx, Dirk Taillaert, Bert 
Luyssaert, Joris Van Campenhout, Peter Bienstman, and Dries Van Thourhout et al., 
“Nanophotonic Waveguides in Silicon-on-Insulator Fabricated with CMOS Technology,” J. 
Lightwave Technol. 23, 401-412 2005. 
  
